Various lepton-flavor violating (LFV) processes in the supersymmetric standard model with right-handed neutrino supermultiplets are investigated in detail. It is shown that large LFV rates are obtained when tan β is large. In the case where the mixing matrix in the lepton sector has a similar structure as the KobayashiMaskawa matrix and the third-generation Yukawa coupling is as large as that of the top quark, the branching ratios can be as large as Br(µ → eγ) ≃ 10 −11 and Br(τ → µγ) ≃ 10 −7 , which are within the reach of future experiments. If we assume a large mixing angle solution to the atmospheric neutrino problem, rate for the process τ → µγ becomes larger. We also discuss the difference between our case and the case of the minimal SU (5) grand unified theory.
Introduction
Lepton-flavor violation (LFV), if observed in a future experiment, is an evidence of new physics beyond the standard model, because the lepton-flavor number is conserved in the standard model. Since the processes do not suffer from a large ambiguity due to the hadronic matrix elements, detailed analysis of the LFV processes will reveal some properties of the high-energy physics.
One of the minimal extensions of the standard model with LFV is the model with non-vanishing neutrino masses. If the masses of the neutrinos are induced by the seesaw mechanism [1] , one has a new set of Yukawa couplings involving the right-handed neutrinos. Introduction of the new Yukawa couplings generally gives rise to the flavor violation in the lepton sector, similar to its quark sector counterparts. In non-supersymmetric standard models, however, the amplitudes of the LFV processes are proportional to inverse powers of the right-handed neutrino mass scale which is typically much higher than the electroweak scale, and as a consequence such rates are highly suppressed.
If the model is supersymmetrized, the situation becomes quite different. LFV in the right-handed neutrino Yukawa couplings leads to LFV in slepton masses through renormalization-group effects [2] . Then the LFV processes are only suppressed by powers of supersymmetry (SUSY) breaking scale which is assumed to be at the electroweak scale.
Especially, in a previous paper [3] , we pointed out that a large left-right mixing of the slepton masses greatly enhances the rates for the LFV processes such as µ → eγ and τ → µγ. Due to this effect, they can be within the reach of near future experiments even if the mixing angle of the lepton sector is as small as that of the quark sector.
In this paper, we will extend the previous analysis. We are interested in the following processes,
• µ → eγ,
• τ → µγ,
• µ → eee,
• µ-e conversion in nuclei, and calculate formulas for the interaction rates of the above processes. In our calculation, we fully incorporate the mixing of the slepton masses as well as the mixings in the neutralino and chargino sectors. Also the lepton Yukawa couplings in higgsino-lepton-slepton vertices are retained, which yield another type of enhanced diagrams in the large tan β region. Then we will discuss how large the interaction rates can be, assuming the radiative electroweak symmetry breaking scenario [4] . We find that a large value of tan β is realized with relatively light superparticle mass spectrum, and thus the interaction rates can indeed be enhanced. For the right-handed neutrino sector, we will mainly consider the case where the Yukawa couplings of the right-handed neutrinos are similar to those of the up-type quarks. We will also discuss the case of large mixing between the second and third generations, suggested by atmospheric neutrino problem. In our numerical analysis, we impose the constraints from the negative searches for the SUSY particles, as well as the constraint from the muon anomalous-magnetic dipole-moment g − 2 to which superparticle loops give non-negligible contributions especially in the large tan β region.
The organization of our paper is as follows. In the subsequent section, we will review LFV in slepton masses in the presence of the right-handed neutrinos. In Section 3, we will give formulas of the interaction rates of the various LFV processes. Results of our numerical study are given in Section 4. In Section 5, after summarizing our results, we will compare our case with the case of the SU(5) grand unification briefly. Renormalizationgroup equations relevant to our analysis are summarized in Appendix A. In Appendix B, we describe the interactions among neutralino (chargino)-fermion-sfermion. In Appendix C, we will give formulas of the SUSY contribution to g − 2.
LFV in scalar lepton masses
Throughout this paper, we consider the minimal SUSY standard model (MSSM) plus three generation right-handed neutrinos. In this case, the superpotential is given by 
where L i represents the chiral multiplet of a SU(2) L doublet lepton, E 
SUSY is softly broken in our model. The general soft SUSY breaking terms are given as
Here the first four lines are soft terms for sleptons, squarks and the Higgs bosons, while the last line gives gaugino mass terms.
We now discuss LFV in the Yukawa couplings. 
Thus as far as V = 1 and the mass eigenvalues are non-degenerate, we have neutrino oscillation which is a target of current and future experiments.
The smallness of the neutrino masses implies that the scale M R is very high, ∼ 10
12
GeV or even higher. In the standard model with right-handed neutrinos, the flavor violating processes such as µ → eγ, τ → µγ etc., whose rates are proportional to inverse powers of M R , would be highly suppressed with such a large M R scale, and hence those would never be seen experimentally.
However, if there exists SUSY broken at the electroweak scale, we may expect that the rates of these LFV processes will be much larger than the non-supersymmetric case.
The point is that the lepton-flavor conservation is not a consequence of the standardmodel gauge symmetry and renormalizability in the supersymmetric case, even in the absence of the right-handed neutrinos. Indeed, slepton mass terms can violate the leptonflavor conservation in a manner consistent with the gauge symmetry. Thus the scale of LFV can be identified with the electroweak scale, much lower than the right-handed neutrino scale M R . However, an order-of-unity violation of the lepton-flavor conservation at the electroweak scale would cause disastrously large rates for µ → eγ and others.
Also, arbitrary squark masses result in too large rates for various flavor-changing-neutralcurrent processes involving squark loops. To avoid these problems, one often considers that the sleptons and the squarks are degenerate in masses among those with the same gauge quantum numbers in the tree-level Lagrangian at a certain renormalization scale.
In the following, we will assume a somewhat stronger hypothesis that all SUSY breaking scalar masses are universal at the gravitational scale M ≡ m pl / √ 8π ∼ 2 × 10 18 GeV, i.e.,
we adopt the minimal supergravity type boundary conditions. Thus we will consider the following type of soft terms, 2 As for the gaugino masses, for simplicity, we choose the boundary condition so that they satisfy the so-called grand unified theory (GUT) relation at low energies. Note that the universal scalar masses are given in a certain
class of supergravity models with hidden sector SUSY breaking [5] . Those soft SUSY breaking terms suffer from renormalization via gauge and Yukawa interactions, which can be conveniently expressed in terms of the renormalization-group equations (RGEs). The
RGEs relevant in our analysis will be given in Appendix A. An important point is that, through this renormalization effect, LFV in the Yukawa couplings induces LFV in the slepton masses at low energies even if the scalar masses are universal at high energy. Due to this fact, lepton-flavor conservation is violated at low energies.
We can solve the RGEs numerically with the boundary conditions given above. It is, however, instructive to consider here a simple approximation to estimate the LFV contribution to the slepton masses. Since the SU(2) L doublet lepton multiplets have the lepton-flavor violating Yukawa couplings with the right-handed neutrino multiplets, the LFV effect most directly appears in the mass matrix of the doublet sleptons. The RGEs for them can be written as (see Appendix A) 
In fact, there is another SUSY breaking parameter B, which gives a mixing term of the two Higgs bosons h 1 and h 2 . For a given value of tan β, we fix this parameter B (and also the SUSY invariant Higgs mass µ) so that the Higgs bosons have correct vacuum expectation values, h 1 = v cos β/ √ 2 and
where we have used the universal scalar mass and A-parameter conditions. In Eq. (7),
so that the slepton mass (m 2 L ) j i indeed has the generation mixing if V differs from the unit matrix in the basis that the charged lepton Yukawa coupling f l are diagonal.
Lack of our knowledge on the neutrino Yukawa couplings prevents us from giving a definite prediction of the slepton mass matrix, and thus the rates of the LFV processes.
Nevertheless, it is important to study how large the interaction rates for the LFV processes can be for some typical cases and to see whether those signals can be tested by experiments. In this paper, we shall consider the following typical two cases: case 1 ) the mixing matrix V is identical to the Kobayashi-Maskawa (KM) matrix in the quark sector V KM , and case 2 ) the mixing matrix is given so that it can explain atmospheric neutrino deficit by the large-mixing ν τ -ν µ oscillation. In the latter case, we only consider τ → µγ, the generation mixing between the second and third ones.
Interaction rates for LFV processes
In this section we give formulas of the interaction rates for the LFV processes we consider.
Results of our numerical calculation will be given in the next section.
We first explain how the rates for µ → eγ and τ → µγ can be enhanced compared with the naive expectation when tan β is large. Here, we consider in the basis where the neutralino/chargino interactions to the leptons and the sleptons are flavor diagonal and the effect of the flavor violation in the lepton sector is involved by the mass insertions 
where m S is the typical mass of superparticles, α the fine structure constant and G F the Fermi constant. The contribution from Feynman diagrams Fig. 1 (a) and (b) follows this estimate. However, as emphasized in our previous paper [3] , the diagram Fig. 1 (c) which picks up the left-right mixing of the sleptons and exchanges the bino in the loop can give much larger contribution, when µ tan β is much larger than the masses of the other superparticles. Indeed we estimate the ratio of the amplitudes
with m l j being the charged lepton l j mass. In Ref. [3] , we numerically showed that this enhancement really occurs for the case of large µ tan β.
If we take account of the gaugino-higgsino mixing in the chargino/neutralino sector, we find another type of diagram which enhances the amplitude when tan β is large but µ is comparable to the masses of the other superparticles. It is shown in Fig. 2 . In this diagram, one has the mixing between the higgsino and the gaugino which is proportional to v sin β, the vacuum expectation value of h 2 , and involves the Yukawa coupling of higgsino-
The sleptons inside a loop are left-handed ones.
Thus the amplitude is proportional to tan β, and
Note that this type of diagram includes neutralino-exchange graphs as well as a charginoexchange graph.
In this work, we are interested in the following LFV processes; µ → eγ and τ → µγ, µ − → e − e − e + and µ-e conversion in nuclei. To obtain the interaction rates for these processes, we perform full diagonalization of the slepton mass matrices numerically and consider mixing in the chargino and neutralino sectors.
We write the interaction Lagrangian of fermion-sfermion-neutralino as
In this section, f i (f = l, ν, d, u) represents a fermion in mass eigenstate with the generation index i (i = 1, 2, 3), andf X a sfermion in mass eigenstate. The subscript X runs from 1 to 3 forν and from 1 to 6 for the other sfermions,l,d andũ. A neutralino mass eigenstate is denoted byχ
iAX depend on the mixing matrices of the neutralino sector and of the sfermions. Their explicit forms will be given in Appendix B. Similarly the fermion-sfermion-chargino interaction is written as
whereχ − A (A = 1, 2) is a chargino mass eigenstate. The explicit forms of the coefficients can also be found in the Appendix B.
Effective Lagrangian for LFV processes
As a first step to compute the LFV rates, let us write down the effective interactions (or amplitudes) relevant for our purpose.
* is generally written as
in the limit of q → 0 with q being the photon momentum. Here, e is the electric charge, ǫ * the photon polarization vector, u i (and v i in the expressions below) the wave function for (anti-) lepton, and p the momentum of the particle l j . In the present case, the Feynman diagrams contributing to the above amplitude are depicted by Fig. 3 . Each coefficients in the above can be written as a sum of the two terms,
stand for the contributions from the neutralino loops and from the chargino loops, respectively. We calculate them and find that the neutralino contributions are given by
where
is the ratio of the neutralino mass squared, M 
Here,
, where Mχ− A and mν X are the masses for the charginoχ − A and the sneutrinoν X , respectively.
We next consider the process l
The effective amplitude consists of the contributions from the Penguin-type diagrams and from the box-type diagrams. The former contribution can be computed using Eq. (14), with the result
Furthermore, there are the other Penguin-type diagrams in which the Z boson is exchanged as shown in Fig. 4 . This amplitude is
Here, O L,R and O N are orthogonal matrices to diagonalize the mass matrices of the chargino and neutralino (see Appendix B), and F (X,A,B) and G (X,A,B) are given by
In these functions, Mχ A and ml X denote neutralino mass and charged slepton mass in the neutralino contribution, and chargino mass and sneutrino mass in the chargino contribution. And, in Eq.
The box-type Feynman diagrams are given in Fig. 5 , and we can write their amplitude as
The first term represents the neutralino contribution, which we find to be
The chargino contribution is
Here, Mχ A and ml X denote neutralino mass and charged slepton mass in the neutralino contribution, and chargino mass and sneutrino mass in the chargino contribution.
µ-e conversion in nuclei
Finally, we give the formulas for the µ-e conversion in nuclei, i.e., the process (µ+(A, Z) → e+(A, Z)) where Z and A denote the proton and atomic numbers in a nucleus, respectively.
The contribution again consists of the Penguin-type diagrams and the box-type diagrams.
The box-type Feynman diagrams are depicted in Fig. 6 (b) and (c). We give the effective Lagrangian relevant to this process at the quark level. We find that the Penguin-type diagrams give the following terms,
where the first term comes from the Penguin-type diagrams of photon exchange and the second one Z boson exchange. The coefficient Q The box-type diagrams give
with
The coefficients are calculated to be
and
Note that we only take account of the vector contributions for the quark currents.
The reason is given as follows. In the limit of the low momentum transfer which is appropriate for the present case (q 2 ≃ −m 2 µ ), we can treat the hadronic current in the non-relativistic limit. Furthermore, the contributions from the coherent process dominates over the incoherent ones if we concentrate on the relevant process such as µ + Ti. Then, the matrix element for the µ-e conversion process is dominated by the contribution from the vector currents.
Decay rates and conversion rate
Now it is straightforward to calculate the decay rates and the conversion rate, using the amplitudes (or the effective Lagrangian) given in the above subsection.
The decay rate for l − j → l − i γ is easily calculated using the amplitude (14) ,
Using the expressions for the amplitude, we can calculate the decay rate,
Numerically, we find that a Penguin-type contribution involving A L 2 and A R 2 dominates over the other contributions. In the large tan β region, its effect is enhanced due to the same mechanism as in the case of l − j → l − i γ process. Furthermore, even in the case where tan β is not so large, the contribution of the Penguin-type diagram dominates over the box contribution, because of the logarithmic term in Eq. (52) which is quite larger than the other terms.
4 Then, the above formula is greatly simplified, and one finds a simple relation
3.2.3 µ-e conversion rate (µ + (A, Z) → e + (A, Z))
Once we know the effective Lagrangian relevant to this process at the quark level, we can calculate the conversion rate [7] ,
and Z and N denote the proton and neutron numbers in a nucleus, respectively. Z ef f has been determined in [6] and F (q 2 ) is the nuclear form factor. In 
Results of the Numerical Calculations
In this section, we present results of our numerical analysis.
As was discussed in Section 2, we assume the universal scalar masses. Also for simplicity, we consider the so-called GUT relation among the gaugino masses
Then the SUSY breaking terms have four free parameters; the universal scalar mass (m 0 ), the SU(2) L gaugino mass at low energies (M 2 ), the universal A-parameter (A = am 0 ) and mixing parameter of the two Higgs bosons (B).
Concerning the SUSY invariant Higgs mass µ and B-parameter which parameterize the mixing among h 1 and h 2 , we determined them so that the two Higgs doublets have correct vacuum expectation values h 1 = v cos β/ √ 2 and h 2 = v sin β/ √ 2. With this radiative electroweak symmetry breaking condition [4] , we determine the mass spectra and mixing matrices of the superparticles. Then, we carefully investigate the parameter space where tan β is large and masses of superparticles (especially, sleptons and electroweak gauginos) are quite light enough to enhance the LFV rates. As a result, we found that there indeed exists parameter space where the above conditions are satisfied. We checked, for M 2 = 80GeV, tan β can be as large as about 50. 5 This result implies that there are regions in the parameter space where the LFV processes have large branching ratios due to the large tan β enhancement mechanism. 6 We also put constraints from experiments. Besides our requirement that the lightest superparticle be neutral, we use consequences of the negative searches for the superparticles [8] . We also impose a constraint on SUSY contribution to the anomalous magnetic dipole-moment of the muon [11, 12] . The experimental value of [12] , where the difference is due to different estimates of hadronic contributions. In our paper, we adopt the first one in order to derive conservative bound. Therefore, the SUSY contribution should be constrained as
where two sigma experimental error is considered. The SUSY contribution is shown in Fig. 7 . Here, we take the parameter a = 0 at the gravitational scale and M 2 = 100 GeV at low energies. The horizontal line is taken to be the left-handed selectron mass with 5 Throughout this paper, we take the top quark mass m t = 174 GeV [8] . Also we take the bottom quark mass m b = 4.25GeV [9] , which corresponds to 3.1 GeV at the Z mass scale. 6 Note that the situation here contrasts to the case of the Yukawa unification where the radiative breaking with the universal scalar mass requires heavy superparticle spectrum, larger than, say, 500 GeV [10] .
the D-term contribution, which we denote by mẽ L . One finds that a significant region of the parameter space is excluded by this constraint in the large tan β region. This is because the same enhancement mechanism as the LFV processes works in the diagrams contributing to the g − 2. For completeness, we will give formulas of the contribution of the superparticle loops to the anomalous magnetic dipole-moment in Appendix C.
Let us now discuss the branching ratios for each LFV process. First we consider the case where the neutrino mixing matrix is described by the KM matrix.
4.1
Case 1 ) V = V KM
As the first trial, we shall consider the case where V = V KM , where we take s 12 = 0.22, 
where tan β varies from 3 to 30, M 2 = 0 and a = 0. For a non-vanishing M 2 , the diagonal elements of the above matrix become larger and the flavor-violating off-diagonal elements become relatively less important, as the gaugino mass gets larger. Effect of non-vanishing a-parameter can be seen from Eq. (7), which does not change the result drastically. In the following numerical calculations we will take a = 0.
We find in Eq. (63) the off-diagonal elements in the mass matrix are small. This is because the off-diagonal slepton masses are proportional to V * 3i V 3j in the case of hierar-chical neutrino masses, which are small if we assume that V is equal to the KM matrix.
Nevertheless, as will be shown shortly, the enhancement in the large tan β region yields large branching ratios for the LFV processes, which is close to the present experimental upper bounds.
µ → eγ
Result of our computation on the branching ratio Br(µ → eγ) is shown in Fig. 8 for We can find that the branching ratios are rather insensitive to the choice of the sign of the µ-parameter, in particular when tan β is large. For the large tan β case, some regions of small slepton masses are excluded by the constraint from g − 2. As can be seen from Fig. 7 , it is less stringent for µ > 0 case than µ < 0 case. 7 One can see that even if we impose this constraint, the branching ratio can be as large as 10 −11 , which is very close to the present experimental bound Br(µ → eγ)| exp < 4.9 × 10 −11 . For smaller value of tan β, the branching ratio reduces obeying ∝ tan 2 β.
We compared the chargino loop contribution with the neutralino loop contribution and found that the former dominates. This is important when we compare our results with the case of SU (5) In Fig. 9 , we show the case of M 2 = 200 GeV. The maximum of the branching ratio is about 10 −12 for tan β = 30, about one order of magnitude smaller than the M 2 = 100
GeV case. We also studied the case M 2 = 80 GeV, and found that the branching ratio is about factor 2 larger than the M 2 = 100 GeV case. [8] . We show results of our calculation to this process in Fig. 10 for M 2 = 100 GeV. The branching ratio has the maximum of ∼ 10 −13 for the large tan β with the small gaugino mass. One can check that this process is dominated by the Penguin-type diagrams. Indeed compared with the branching ratio of µ → eγ, one finds a simple relation
which is in agreement with the ratio expected by the dominance of the Penguin-type diagrams, Eq. (57).
µ-e conversion in

22
Ti
Experimentally, µ-e conversion rate in nuclei is also constrained strongly. The experimental upper bound on the conversion rate with the target 48 22 Ti reaches 4.3×10 −12 [8] .
We show results of our calculation to this process in Fig. 11 for M 2 = 100 GeV. The branching ratio takes its maximal value of ∼ 10 −13 in the parameter region where tan β is large and the gaugino masses are small. On the other hand, for the small tan β and µ < 0 the cancelation among the diagrams occurs and the event rate damps rapidly. The
Penguin-type diagram is not dominant in the small tan β region because there is not the same logarithmic enhancement as µ − → e − e − e + .
τ → µγ
Finally we would present our result for τ → µγ in Fig. 12 . We find with M 2 = 100 GeV, the branching ratio is as large as 10 −7 , one and a half order of magnitude smaller than the present experimental bound Br(τ → µγ)| exp < 4.2 × 10 −6 [8] . Similar to the case of µ → eγ, it can be seen that the branching ratio is proportional to tan β squared.
4.2
Case 2 ) Neutrino mixing implied by atmospheric neutrino deficit The result for Br(τ → µγ) is shown in Fig. 13 . We find that in some portion of the parameter space, the branching ratio exceeds the present experimental upper bound, in particular when tan β is large and the superparticles are light.
Conclusions and Discussion
In this paper, we have considered LFV in the minimal supersymmetric standard model with the other diagonal elements, which is typical feature of the case with right-handed neutrino [16] . We have calculated the interaction rates for the various LFV processes with the full diagonalization of the slepton mass matrices and of the chargino and neutralino mass matrices. We emphasized the enhancement of the interaction rates for large tan β, the ratio of the VEVs of the two Higgs doublets. This enhancement is originated to the fact that there is a freedom to pick up one of two vacuum expectation values in the MSSM in the magnetic dipole-moment type diagrams. For example, for the process l j → l i γ, the diagrams of the type Fig. 1(c) and Fig. 2 give the enhancement. Even when the mixing matrix in the lepton sector has a similar structure as the KM-matrix of the quark sector, the enhancement mechanism can make the branching ratios close to the present experimental bounds.
It is interesting to compare the LFV processes induced by the right-handed neutrino
Yukawa couplings with those in the minimal SU(5) grand unified theory [17, 18] . In the latter case, the renormalization-group flow above the GUT scale results in LFV in the SU(2) L singlet (right-handed) slepton masses. Let us consider, for example, the resulting branching ratio of µ → eγ. The diagrams which will give the enhancement in the large tan β region are similar to Fig. 1(c) and 2(a) . The important difference from the previous case is on Fig. 2 . Now, only the diagrams involving the bino contributes, since the wino does not couple to the singlet sleptons. In this case, we can see that contributions coming from the two diagrams Fig. 1(c) and Fig. 2 (10) GUT [18, 19] . For example, if we consider the µ → eγ, the dominant diagram will be similar to Fig. 1(c) , which however picks up (m 2 LR ) 3 3 , proportional to taulepton mass. Thus we expect further enhancement in the branching ratio by (m τ /m µ ) 2 compared to the case we studied in this paper.
To conclude our paper, we should emphasize that the branching ratios of the LFV processes induced by the right-handed neutrino Yukawa couplings can be close to the present experimental bounds and can be within the reach of future experiments. Efforts of searching for these LFV signals should be encouraged.
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A Renormalization Group Equations
In this appendix, we give the one-loop renormalization group equations (RGEs) for the Yukawa couplings and the soft SUSY breaking terms in the scalar potential. The RGEs for the gauge coupling constants and the gaugino masses are unchanged at the one-loop level, since the right-handed neutrinos are singlet under the standard-model gauge symmetry.
• Yukawa coupling constants
• Soft breaking terms
Here, we followed the GUT convention for the normalization of U(1) Y gauge coupling constant g 1 , such as g 
B Interaction of gaugino-sfermion-fermion
In this appendix, we give our notations and conventions adopted in Section 3 and give vertices relevant for our calculation.
Let us first discuss fermions. We denote by l i , u i and d i the fermion mass eigenstates with the obvious meaning. The subscript i (i = 1, 2, 3) represents the generation. As for the neutrinos, their masses are small and negligible. In our convention, ν i is the SU(2) L isodoublet partner to e Li .
Next we consider sfermions. Letf Li andf Ri be the superpartners of f Li and f Ri , respectively. Here, f stands for l, u or d. The mass matrix for the sfermions can be written in the following form,
where m 2 L and m 2 R are 3 ×3 hermitian matrices and m 2 LR is a 3 ×3 matrix. These elements are given from Eqs. (1,3) as following,
where T f 3L(R) and Q f em are weak isospin and electric charge respectively. Here, m
for sleptons, and m 2 f R are each right-handed sfermion soft-breaking masses. We assume the above mass matrix to be real. This is, in general, not diagonal and include mixing between different generations. We diagonalize the mass matrix M 2 by a 6 × 6 real orthogonal matrix U f as
and we denote its eigenvalues by m 2 f X (X = 1, · · · , 6). The mass eigenstate is then written
Conversely, we havef
An attention should be paid to the neutrinos since there is no right-handed sneutrino in the MSSM. Letν Li be the superpartner of the neutrino ν i . The mass eigenstateν X (X = 1, 2, 3) is related toν Li asν
We now turn to charginos. The mass matrix of the charginos is given by
This matrix M C is diagonalized by 2 × 2 real orthogonal matrices O L and O R as
Define χ
Thenχ
forms a Dirac fermion with mass Mχ− A .
Finally we consider neutralinos. The mass matrix of the neutralino sector is given by
The diagonalization is done by a real orthogonal matrix O N ,
The mass eigenstates are given bỹ
We have thus Majorana spinors
with mass Mχ0
We now give the interaction Lagrangian of fermion-sfermion-chargino,
where the coefficients are
The interaction Lagrangian of fermion-sfermion-neutralino is similarly written as
where f stands for l, ν, d and u. The coefficients are
C Anomalous magnetic dipole-moment of the muon
The magnetic dipole-moment interaction of muon is written as the following form;
where q = p f − p i and ǫ the polarization vector of external photon. Then, the anomalous magnetic dipole-moment of muon is
We can write SUSY contributions as (g − 2)
represents the chargino-loop contribution as
where 
